Fluorescence spectroscopy studies of vaccinia type IB DNA topoisomerase. Closing of the enzyme clamp is faster than DNA cleavage.
The prototypic type IB topoisomerase isolated from vaccinia virus cleaves the phosphodiester backbone of duplex DNA at the sequence 5'-(C/T)CCTT, forming a covalent 3'-phosphotyrosyl adduct. A precleavage conformational change in which the enzyme clamps circumferentially around the DNA has been implicated on the basis of structural and biochemical studies. However, no direct measurements to elucidate this key step have been obtained to date. To address this shortcoming we have developed two new fluorescence assays that allow detection of conformational changes in both the enzyme and substrate DNA, and allow determination of the thermodynamic and kinetic mechanism for noncovalent DNA binding and phosphodiester cleavage. The results indicate that clamp closing occurs in a rapid step (>25 s(-1)) that is at least 14-fold faster than the maximal rate of DNA cleavage. Opening of the clamp to release the noncovalently bound substrate is also 5-8-fold more rapid than DNA cleavage. We propose a model in which DNA cleavage and religation are connected through a single high energy transition state involving covalent bond breaking. Alternative models that involve a slow precleavage conformational step are not easily reconciled with the available data.